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ABSTRACT
Mulinar^zi, Thomas Ernest. MSCE, Purdue University,
August, 1966. Correlation of Design Characteristics and
Operational Controls with Accident Rates on Urban Arterials
.
Major Professor: Harold L. Michael.
The purpose of this research was to evaluate the
design characteristics and operational controls which affect
the traffic accident rates on an urban arterial street
where full control of access is not practical. To attain
this objective, the design characteristics and operational
controls on one-hundred segments of the arterial street
system in the State of Indiana were analyzed in detail to
determine their relationships to urban traffic accidents.
Accident data on these one-hundred sections were collected
for the period starting January 1, 1963, and ending
December 31, 1965.
The data were analyzed by a simple correlation
coefficient analysis, a multiple linear regression technique,
and a case study approach. Two different types of accident
rates, the number of accidents per 100 million vehicle
miles and the number of accidents per mile, were computed
and compared.
This study found that traffic accidents on an urban
arterial decreased as the volume on the arterial decreased,
ix
the number of traffic signal per mile decreased, the amount
of parking decreased, and the number of heavily used
driveways per mile decreased. These ware the most important
correlations found between individual variables and the
dependent variables.
Although this study only included one-hundred segments
of the urban arterial street system in Indiana, the findings
should be of considerable value on similar facilities
throughout the state and the nation.
INTRODUCr ION
The first recorded traffic fatality occurred in New
York City in September, 1899, when a man was hit by an
automobile while helping a woman off a streetcar , (6
)
Since that event the number of traffic deaths each year has
reached epidemic conditions. However, one should not
concentrate entirely on the spectacular fatal accident be-
cause the factors which cause a fatal accident are similar to
those for other accidents, especially in urban areas where
speeds are slower. A traffic accident has been defined as
"a failure of the road-car-driver system to perform one or
more operations necessary for completing a trip without
damage or injury... . It is also believed that the necessary
and sufficient cause of an accident is a combination of
simultaneous and sequential factors, each of which is
necessary but none of which is by itself suf f icient . " ( 5
)
In the past much of the research has been concentrated
on rural accidents because a large percentage of the fatal
accidents occur on rural highways where higher speeds
increase the severity. However, a majority of all non-
fatal injury collisions happen in urban areas where
approximately 48 percent of the total vehicle miles were
driven in 1964.(13) It seems apparent that much accident
research is needed in the urban areas, especially with the
multitude and magnitude of urban areas being forecasted
for the future.
Most of the work being presently performed in urban
areas is focused on the development of freeways and express-
ways, with the role of the major urban street as an
arterial highway being neglected.
By necessity the main function of an urban arterial
is the movement of traffic; and as a result, speeds and
volumes are usually higher on this type of facility than
on ths average urban street. On the other hand, many of
these arterial streets also serve an access function for
abutting property. The resulting intersectional and
roadside conflicts reduce capacity and increase congestion.
These conflicts have been found to be a catalyst for urban
accidents and point to a proven method of accident pre-
vention, the control of access. ( 1 ) ( 5 ) ( 19 ) ( 24 ) ( 27
)
Control of access, however, is not practical on most
urban arterlals and improvements in highway safety must
be sought in design characteristics and operational controls
if the problem is to be reduced. Some of these improvements
will have to come in the areas of signing, parking controls,
traffic signal installations, street markings, and lighting.
Indiana had over 113,000 urban accidents In 1965
which included 25,966 non-fatal injury accidents and 386
fatal collisions. (12) Table 1 shows that the annual total
of urban accidents has been increasing each year since
1961. With the higher volumes and speeds on the urban
arterial street, a majority of these urban accidents
probably occur on this system and it appears that little
is being done to effectively curtail this increasing
trend.
One of the reasons for this increasing trend in urban
accidents in Indiana is the ever growing number of vehicle
registrations. More vehicles are being driven more miles
which all leads to congestion and greater potentials for
accidents, as shown in Figures 1 and 2.
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FIGURE 1 - MILES DRIVEN IN INDIANA





























FIGURE 2 - VEHICLE REGISTRATION
PURPOSE
The purpose of this research was to evaluate the design
characteristics and operational controls which .nainimize
accident hazard on an urban arterial street where full
control of access is not practical. By evaluating the
reasons why some high voluirie arterials had far lower accident
rates than other arterials carrying similar volumes, it
was hoped that beneficial information could be obtained
which would assist in reducing urban traffic accidents.
In other words, this research was an attempt to detem-iine
the "safest" design characteristics and operational controls
for urban arterials.
8THE STUDY LOCATIONS
One-hundred sections, varying in length from 0.254 of
a mile to 4.167 miles, were analyzed in this study. Sixty-
eight of these sections were located within a fifty mile
radius of Lafayette, Indiana, with the remaining thirty-
two sections selected in Indianapolis, Indiana. The location
of each city relative to Lafayette, each with one or more
sites, is shown in Figure 3. Those sites established within
the Indianapolis area are illustrated in Figure 4. Table 2
is a list of the cities in which sections were located,
the length of each section, and the specific boundaries of
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Since emphasis has been placed on the spectacular fatal
accident which occurs principally in rural areas, most of
the literature dealing with accidents is concerned with
rural accidents. However, one source was found which
summarized most of the research previously performed in the
area of urban accidents. This publication prepared by the
Automotive Safety Foundation in cooperation with the Bureau
of Public Roads was a study of traffic controls and roadway
elements and their relationship to highway safety, (4)
Separate chapters ^^e re devoted to the effects of such factors
as traffic volume, intersections, driveways, one-way streets,
parking, and illumination on urban accident rates. Each
chapter contained excellent summaries of the traffic research
performed on the particular design characteristic or opera-
tional control. One final conclusion of this publication
was that more research was needed to evaluate the contribu-
tion of each design characteristic or operational control.
Excellent features of this work were the detailed author
and subject indexes which included every aspect of accident
research, including both published and unpublished material.
21
Roadway Development
Three articles which dealt with the relation of traffic
accidents to roadside development on rural highways came
to the same basic conclusions. Even though these studies
were concerned with rural areas, the results may be useful
in urban areas.
Schoppsrt used multiple correlation techniques to
arrive at the following conclusions :( 29
)
"1. Motor vehicle accidents are directly related to
vehicle volumes and certain physical features of
the highway.
2. Access to the highway through driveways or inter-
sections is directly related to accidents at all
ADT levels. The number of access points is a
reasonably good predictive index of the number of
potential accidents within an ADT group.
3. Accidents are essentially chance occurrences
resulting from errors in judgment. The numi)er of
accidents increase with the numl^er of situations
presenting a change in conditions, and therefore
requiring a decision on the part of the motor
vehicle operator."
In 1957, Woo also used multiple regression analysis to
correlate accident rates with roadway factors of rural
Indiana highways. ( 35 ) The accident rate per mile, instead
of the accident rate per million vehicle miles, was used in
22
his analysis because it presented a better relationship.
Four roadway factors were found to be significantly related
to accident rater ADT , congestion index, lane width, and
total nuinber of entrances per mile.
In the final report of the Minnesota Roadside Study,
Kipp concluded that traffic accidents can not be predicted
on the basis of roadway elements and roadside features because
of numerous immeasurable factors. However, it was evident
that these factors, either alone or in combination with other,
did contribute in varying ways to the chance of an accident.
The general conclusion was that "the magnitude or frequency
of these characteristics governed the extent to which accident
potential was generated. " (14)
Two other studies have been completed which relate
traffic accidents to roadside features in suburban areas.
Michigan conducted a research project in the late 1940 's
and arrived at very general results. (18) The most significant
conclusion was that intersections were centers of traffic
hazard and that hazard increased as the complexity of the
intersection was increased by roadside development.
Peterson, while analyzing traffic accidents on a high
volume suburban arterial, arrived at the conclusions that
accidents increased at intersections when the ADT increased,
the number of intersection approaches increased, or the
total width of driveways within two hundred feet of the
intersection increased y and that accidents increased on
23
non-intersection locations when the total number of
establishments par mile increased, the ADT increased, of
the total number of low volume intersections increased. ( 35
)
The Oregon State Highway Department conducted research
to develop equations which could be used to predict accidents
on urban extensions of state highways fro-n roadway elements
such as ADT, comriercial and residential driveways, signalized
and non-signalized intersections, and lane width, (11)
The following conclusions were drawn:
"1. Motor vehicle accident rates are related to certain
physical features of urban extensions of the highway
system. This relationship is strong enough in the
higher ADT ranges to make it possible to predict
accident rates with a reasonable degree of accuracy
on the basis of known physical features..
2. Accident rates on low volume roads do not have a
strong relationship with any roadway feature.
3. Motor vehicle accident rates increase when:
a. Number of commercial units adjacent to the
section increases.
b. Number of traffic signals increase.
c. Number of intersections increase.
d. Indicated speed decreases.
e. Average daily traffic increases.
f. Pavement width increases."
24
Access Control
It was decided at the beginning of this research to
limit the sections to non-access controlled locations. This
decision was made on the basis that all of the literature
dealing with access control stated that its use significantly
reduced the number of ace lent s.
The Bureau of Public Roads has been analyzing data on
this subject for several years. Its findings were summarized
in "The Federal Role in Highway Safety" as follows: (9)
"Full control of access whereby entrance and exit
movements to and from the through-traffic lanes are
limited to designated points where these maneuvers
can be performed safely has been the most important
single factor in accident reduction ever developed.
Accident and fatality rates on fully controlled access
highways have been only one-third to one-half as great
as those on highways with no control of access. This
is not due wholly to the control of access feature
but to grade separation of intersections, provisions
of separate roadways for opposing directions of
traffic, and the other design refinements customarily
employed in conjunction with access contro.
"
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FIGURES- EFFECT OF CO N TROL OF ACCES S




There have been other factors which have been correlated
with the accident rate in previous research. Some of these
factors or variables are parking, signalization, one-way-
street operation, illumination, and number of driveways.
The research material available on the relationships of
these characteristics to accident occurrence often resulted
in only general conclusions.
One project, however, found that the removal of curb
parking actually reduced urban accidents by more than 16
percent. Also, equivalent space in off street parking
facilities was justified by the reduction in economic losses
due to accidents and congest ion. (9
)
One-way street operation has been shown to be an
effective measure in accident reduction if it was a part
of a well-planned, integrated system; but, where it was
inappropriate or inadequate, the number of accidents
increased. (4)
Many people forget that the functional purpose of
signalization is to bring order to the traffic flow. and
not safety. Most of the research in this area stated that
often accidents increased after signalization with a
definite change in the accident pattern. ( 17 )( 28
)
It has been shown in previous studies that street
lighting substantially reduced night accidents if it met
some minimum level of illumination, (4) It was noted that
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this was especially true for intersectional and pedestrian
accidents in urban areas.
Both Head and Schoppert found the number of driveways
to be an important factor in the prediction of accidents
on urban and rural highways. ( 11 )( 29 ) Another study discovered
that cotimercial driveways had a measurable effect on the
accident rate, but residential driveways aid not. (14)
To look at the multitude of additional factors which
have been associated with accidents in previous research
would add many additional pages to this review. It seems
sufficient to refer the reader to the first publication
mentioned in this review for a summary of the work already
accomplished in these other areas of accident research. (4)
Traffic Engineering Improvements
A study was performed in 1959 by the Bureau of Public
Roads with the cooperation of the District of Columbia
Department of Highways and Traffic in order to estimate
how great an increase in traffic capacity could be achieved
within the existing right-of-way limits, if all known
traffic-control techniques could be adapted. (8) This report
presented measures to increase the traffic capacity of an
urban arterial; but when the traffic flow is smooth, safety
is usually enhanced. This is why this article is included
in the review of literature. The possible improvements
that could be made to increase the capacity of an urban
arterial were classified into three groups
^
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1. Traffic control measures which require relatively
minor expenditures and little or no construction
2. Measures requiring moderate expenses and/or
construction
3. Measures requiring major expenditures and construction
Under each of the above groups, a number of methods
for improvement were studied. Some of the possible areas
for improvement mentioned under group one were:
1. Parking restrictions
2. Turning movement control
3. One-way street operation
4. Improved street system
5. Through street system
6. Signs and markings
7. Street lighting
8. Pedestrian control
9. Enforcement of operations
Scrae of the improvements which fell under group two
were in the following areas:
1. Correction of specific bottlenecks
2. Upgrading of major intersections
3. Upgrading of signalization
4. Resurfacing of existing street
5. Effective night lighting
Improvements in the last category came in the following
divisions t
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1. At-grade reconstruction of intersections
2. Construction of grade separations
3. Widening or reconstruction of major structures or
even entire streets
4. Creation of additional streets.
30
DATA COLLECTION
The method of investigation used in this study consisted
of taking a large collection of accident data and analysing
them relative to accident occurrence. It was believed that
an informative pattern would result from the large number
of sections chosen. This is basically the same procedure
used in the Michigan Study of the late 1940 's. (18)
At least three trips were made to each study location.
The purpose of the trips were:
1. To obtain maps of each city and initial survey
2. To establish definite section boundaries and
collection of pertinent information such as section
length, number of intersections, number of driveways,
parking conditions, width of street, etc. Appendix
A shows the forms that were vised to collect the
necessary data for each section.
3. To obtain relative volumes and to assign a light,
medium, or heavy volume rating to each friction
point. A friction point was defined as any point
where conflict to the traffic flov? might occur.
For example, a four-leg intersection comprised
two friction points to the arterial but a three-
leg Intersection had only one friction point.
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A fourth trip was made to those sections which had
a significant change in the number of accidents during the
three study years in order to determine if there had been
any definite cause or causes which might explain the
variability in the yearly number of accidents.
The independent variables that were analyzed to find
their effects on the accident rate are shown in Table 3.
Accident Data
A three year study period was chosen to ensure an
adequate size sample of accident data. It was felt that
the average number of accidents over a three year period
would also eliminate some of the chance occurrence associated
with an annual number of traffic accidents. The numbers
of accidents occurring on each of the one-hundred test
sections were collected for the period January 1, 1963, through
December 31, 1965. From this infoirmation the number of
accidents per mile and the number of accidents per 100 million
vehicle miles were calculated and are shown in Table 4.
A majority of the accident data for study sections out-
side of Indianapolis was collected from the Accident Records
Division of the Indiana State Police. Accident data were
also obtained from the traffic accident files of the following
Indiana cities* Attica, Covington, Frankfort, Kokomo,
Lafayette, Logansport, and West Lafayette. Additional
Information for the Lafayette and Kokomo by-passes was
collected from the files of the Indiana State Police Post
32
Table 3 Independent variables
Number Variable Description
1 Volume (ADT) on the Arterial in Thousands of
Vehicles
2 Intersection per mile
3 ' Heavy Volume Intersections per Mile (Intersections
with Arterial Streets)
4. Medium Volume Intersections per mile (All Cross
Streets Except Arterials and Low Volume Local)
5 Traffic Signals per Mile
6 Driveways per Mile
7 Commercial Driveways per Mile
8 Medium and Heavy Volume Coramercial Driveways
par Mile (Rated on Basis of Corrumercial Activity)
9 Light Volume Commercial and Residential Driveways
per Mile
10 Friction Points per Mile
11 Street Width
12 Number of Moving Lanes
13 Posted Speed Lanes
14 Quality of Signing
15 Quality of Street Markings
15 Parking Allowed on One Side Only
17 Parking Allowed on Two Sides
18 Intersectional Street Lighting Only
19 Continuous Street Lighting




21 Four-way Intersections per Mile
2 2 One-way Street Operation
2 3 Three-way Intersections per Mile
24 Urban Design of Pavement Cross-Section
25 Yellow Flashers per Mile
26 Ratio - Commercial Driveways per Mile to Total
Number of Driveways per Mile
34
Table 4 Accident rates for study sections
Section Accidents Accidents





























































































































No. 3 in Lafayette and the Howard County Sheriff's Office
in Kokomo. In all cases the accident information was taken
from investigating officer's accident report forms. (Figures
6 & 7)
For the sections in the Indianapolis area, the accident
data were acquired through the city's Bureau of Traffic
Engineering which supplied accident data for every inter-
section on the thirty-two sections in Indianapolis.
Indiana state law requires that all accidents involving
a personal injury, death, or property damage of $50 or more
be reported to the police. All of the sources for accident
data had accident records based on this criteria except the
West Lafayette Police Department, who keeps records of all
reported accidents. This diversity was taken into considera-
tion in the final analysis.
The analysis of accident data was limited to the
development of spot maps for each section for the individual
study years. With over then thousand accidents in the project,
the author felt that such analysis was sufficient for the
completion of his objectives.
Volume Data
The volume data for sections not in Indianapolis were
obtained from the Indiana State Highway Commission, Division
of Planning, who had volume counts on every urban extension
of the state highway system. The latest counts in the ten
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FIGURE 7 - INVESTIGATING OFFICERS ACCIDENT REPORT
FORM, SIDE TWO.
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counties^ not counting Marion County, were made in different
years. The years in which the last counts were made in each
county are listed belowi
Boone 1961 Howard 1964
Carroll 1964 Jasper 1964
Cass 1960 Montgomery 1961
Clinton 1963 Tippecanoe 1960
Fountain 1962 White 1958
Every count taken prior to 1964 was expanded to a
1964 volume. This was accomplished by applying the conversion
factors used by the Division of Planning for the Indiana
State Highway Commission. Three of the counties had counts
taken in 1964 so these values were merely converted to
ADT. The others, depending on the year in which the counts
were taken, were multiplied by the following factors to
get them, into 1964 volumes;
Correction from







All such corrected counts were twenty-four hour weekday
volumes taken during different months of the year. Table
5 shows the factors that were then used to convert these
twenty-four hour volumes to average daily traffic (ADT)
for 19 64. The factors in group four, state roads in
suburban areas, were used because it was felt these most
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Several counting stations were located on each section,
B/ery one of these counts were updated and converted to a
1964 ADT. To obtain an estimate of the volume on any
particular section, the corrected volumes at all of the
counting stations were analyzed and a representative value
for the volume on the arterial was chosen. Each section
was selected on the basis of having similar volumes and
characteristics throughout its length. This determined
the length of each section.
The volume data for the sections in the Indianapolis
area, Marion County, were acquired through William Fehribach
in the Bureau of Traffic Engineering for Indianapolis. The
data received were the 1964 volume counts used by the
Indianapolis Regional Transportation and Development Study.
It consisted of computer print-out sheets of the ADT
between major intersections on every urban arterial in
Indianapolis. Thirty-two sections, with an ADT range from





Two forms of accident rates were used as dependent
variables in this study to determine which one correlated
better with the given independent variables and to see if
the same independent variable were important for both forms.
The dependent variables were expressed as the number of
accidents per 100 million vehicle miles (Y ) and the number
of accidents per mile (Y ) . An expression of the accident
rate as an exposure rate (Y, ) was chosen in hope that the
volume factor would be minimized as much as possible so that
the effect of other factors subject to possible corrective
action would be maximized. The Traffic Engineering Handbook
suggests that the accident involvement rate be expressed as
accidents per 100 million vehicle miles so this form was
selected to be one of the dependent variables .( 5 ) The
other dependent variable, the n'jmber of accidents per mile^
(Y ) , was selected because it expresses accident rate in
a manner that is easily understood.
Before it was possible to determine an accident rate
for each section, it was necessary to find the average
number of accidents per year over the three year study
period. The average was found simply by dividing the three
44
year total of accidents on a particular section by three,
It was then desired to test the hypothesis that the three
yearly numbers of accidents came from the same population.




d. = the difference between the number of accidents
for the year i and the average number of
accidents per year over the three study years
X = the average number of accidents per year
over the study period.
As an example, suppose that the number of accidents
reported for the three years of the study were 22, 31, and
19. The purpose of this procedure was to test the null
hypothesis that the true number of accidents for given
conditions was constant, in other words, x = n/3. In this
example n = 72 accidents; so the estimated expected number
of accidents for each year was x = 72(1/3) = 24, and the
corresponding values of d . = x.-x for the three years were
22 - 24 = -2, 31 - 24 = 7, 19 - 24 = -5. The test statistic,
with degrees of freedom k-1 = 2, was
X2 =
2
Y ^i- = (-^)^ + iZl! » (-5)^ = 3.25i-^
- 24 24 24
i=l ^
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For this test a significance level of € = 0.10 was used.
2The 0.90 value of X with 2 degrees of freedom is 4.61.
2 2Since X =3.25 was less than the table value of X =
4.61, the test did not show any significant difference in
the number of accidents for the three years. Therefore,
it was assumed that the number of accidents for each year
came from the same population and the average of these would
be a good basis on which to calculate the section's accident
rate.
When this test was applied to the one-hundred sections,
twenty-one of them were out of control, that is they had
significant variance in the number of yearly accidents.
Of these twenty-one sections., eight were found after a more
extensive inventory to have obvious reasons for the variation
in their yearly accidents. These conditions were taken
into consideration and representative values for the accident
rates on these sections were established. A goo3 example
of this procedure was Markland Street in Kokomo, Indiana.
The number of accidents for each of the study years, 1963
through 1965, were 200, 181, and 157. Upon further
investigation, it was found that the only change in this
section had been the removal of curb parking during 1964.
Therefore, the number of accidents in 1965, 157, was used
to calculate the acci'dent rate because it best represented




Concerning the other thirteen sections that were out
of control, there were no obvious reasons for these conditions.
However, since a significance level of 0.10 was established
at the outset of this testing procedure, it is possible that
a "Type I" error could account for the thirteen sections
being out of control. A "Type I" error is committed when
the hypothesis is really true but is rejected. It was then
decided to run one complete analysis including all of the
sections and another with the eighty-seven sections in
control. Better prediction equations resulted with the
inclusion of all sections so it was concluded that the effects
of the sections out of control balanced each other sufficiently
to be included in further analysis.
Multiple Linear Regression
The twenty-six independent variables used in this research
were analyzed by multiple linear regression to develop
equations which would predict both the number of accidents
per 100 million vehicle miles and the number of accidents
per mile for four combinations of the study sections.
The computer program employed for the multiple
linear regression analysis was WRAP, or a "tear-down"
regression process, which is a least squares technique.
The program deck was acquired through the Purdue University
Statistical Laboratory Library Program.
This program was used to develop separate equations
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for the two dependent variables, accidents per 100 million
vehicle miles and accidents per mile using the twenty-six
independent variables shown in Table 3. From this technique
two regression equations were computed for several groupings
of the sections. The first step in the WRAP program was
to have all of the independent variables included in a
regression equation. After this was done, the program deleted
the variable with the lowest F-ratic until a fixed F-ratio
or a fixed probability level of 0.9999 was reached.
A test was then conducted on each regression equation
to determine if the multiple coefficient of determination,
2R
,
for k independent variables was significantly smaller
than Rj^ + , for (k + 1) variables. ( 3)
The test used was an F-test which determined the first
independent variable that did not result in a significant
2increase in R when it was added to the regression equation.
For example, the testing process was started by taking the
2
first variable and checking to see if the value of R
significantly increased when two variables were considered.
2
If this check showed a significant increase in R , then the
process was carried one step further and so on until the
2first non-significant increase in R was encountered.
The purpose of this test was to develop simplified
equations which could be used to adequately predict
accident rates on urban arterials by using a minimum of
easily measured variables. The F-test used to determine
48
2
this significant increase in R is stated mathematically
as follows:
with (j-Jc) and (N-J-1)
F = i ~ !^ degrees of freedom and









F = the calculated F value,
R. = the multiple coefficient of determination for
J "j" independent variables,
2
R = the multiple coefficient of determination for
"k" independent variables,
N = the nijimber of observations,
J = the number of independent variables in the regres-
sion equation to be tested for a significant
increase in R^, and
k - the number of independent variables in the regres-
sion equation used to base the significant increase
in r2.
The significance level for this F-test was set at the
05 level.
Five Phases of the Regression Analysis
The data were separated into the following categories
for analysis by multiple linear regression:
1. the one-hundred sections
2. the thirty-five lowest volume sections
3. the thirty-two high volume sections in Indianapolis
4. the sixty-eight two lane facilities
5. the thirty-two four lane or one-way street facilities.
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Phase I - The One-hundred Sections
The variables listed in Table 3 represent the
independent variables which were considered in the initial
analysis for predicting the two accident rates for all of
the sections. The means and standard deviations for each
of the variables are shown in Table 6, and the simple
correlation coefficients between each variable and all
other variables are shown in Table 7.
A repression equation utilizing the twenty-six variables
was then developed. On the basis of each variable's contribu-
tion to the regression equation and other considerations
-
such as ease of variable measurement, high correlation with
another variable, insufficient accuracy in variable measure-
ment, etc., - the independent variables used in the final
analysis were determined. The independent variables to
obtain separate prediction equation for the two accident
rates, Y, and Y are listed in Table 8. The coefficients
of the variables used in these multiple regression equations
appear in Table 9.
Accidents per 100 Million Vehicle Miles (Y-)
The prediction equation utilizing the independent
variables used in the final analysis for the determination
of Y, , the number of accidents per 100 million vehicle
miles on the one-hundred sections, is as follows:
50
































































SIMPLE CORRELATION COEFFICIENTS BETWEEN
EACH VARIABLE AND ALL OTHER VARIABLES
FOR THE ONE- HUNDRED SECTIONS
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Table 8 Independent Variables Used in the Final Multiple
Linear Regression Analysis for the One-Hundred
Sections
Number Variable Description
1 Volume (ADT) on the arterial section in thousands
of vehicles
3 Heavy volume intersections per mile
4 Mediiam volume intersections per mile
5 Traffic Signals per mile
6 Driveways per mile
9 Light volume coiTimercial and residential driveways
per mile
10 Friction points per mile
11 Street width
16 Parking allowed on one side only
23 3 way intersections per mile
24 Urban design of Pavement Cross Section
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Table 9 Coefficients for Multiple Linear Regression
Equations for the One-Hundred Sections
Accidents per 100 Accidents per







































This equation represents the simplified prediction equation.
None is shown for Y as the two equations were the same.
**The coefficients underlined represent the most significant
variables in the regression equation.
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Y =^ 468.093 - 26.856X + 70.040X2 "*" ll^-^^^X^ - 7.278Xg
+ 6.200X,-, + 217.246X,^10 15
The multiple correlation coefficient, R, equals 0.724;
2
and the coefficient of determination, R , is 0.52 or
approximately 52 percent of the variation in the accident
rate is explained by the regression equation. The variables
that were most significant in this regression analysis are
the number of traffic signals per mile (Xp.) and the volume
on the arterial (X^ ) . Other variables used in this equation
are the number of heavy volume intersections per mile (X-),
the number of light volume commercial and residential
driveways per mile (Xg), the total number of friction points
per mile (X,j^), and whether parking was prohitited or allowed
on only one side (X,,). These independent variables had
the following simple correlation coefficients with the
dependent variable, accidents per 100 million vehicle miles.







No simplified equation was developed for this regression
equation because the break-off point using the previously
mentioned F-test coincided with the last variable used in
57
the above equation.
Accidents per Mile (Y_)
The prediction equation utilizing the independent
variables used in the final analysis for Y^ , the number
of accidents per miles, is as follcf.vs:
Y = 0.576 + 1.661X^ + 2.994X3 + 1.166X^ + 6.39IX5 + 0.267Xg
- 0.341X - 0.468X^^ - O.SBSX^j + 8.519X2^
The m.ultiple correlation coefficient, R, is equal to
2
0.895, and the coefficient of determination, R , is 0.80.
This means that 80 percent of the variation in the number
of accidents per mile is explained by the combination of
the variables in the above equation. Again the variables
that were most significant in the regression analysis are
the number of traffic signals per mile (X^) and the A.D.T.
on the arterial (X ) . Other variables that were used in
these equations are the number of heavy volume intersections
per mile (X-), the number of medium volume intersections
per mile (X.), the number^ of driveways per mile (X^), the
number of light volume commercial and residential driveways
per mile (Xg), the street width (X,,), the number of
three-way intersections per mile (X 3), and the type of
pavement cross-section (urban or rural) (X^^). These
independent variables had the following simple correlation
coefficients with the dependent variable, accidents per
mile.
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The simplified regression equation for predicting the
number of accidents per mile for these one-hundred sections
is as follows:
Y^ = -0.261 + 1.256X, + 3.909X- + G.OSex^
z 1 i D
The multiple correlation ccc3f f icient , R, equals 0.859-
2
and the coefficient of determination, R
,
is 0.74, or 74
percent of the variability in the dependent variable is
explained by these three variables; volume or ADT, (X^ )
,
number of heavy volume intersections per mile, (X_), and
the number of traffic signals per mile, (Xj.).
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Phase II - Thirty-five Low Volume Sections
The variables listed in Table 3 represent the independent
variables which were considered in the analysis for predicting
the two accident rates, Y and Y for thirty-five sections
with an ADT range from 1200 to 5800. All of these sections
were two-lane facilities. The meahs and standard deviations
for each of the independent variables are shown in Table 10.
The means and standard deviations for the dependent
variables in this phase are as follows;
Dependent Variable Mean Standard Deviation
^1 665.80 393.43
Y. 9.40 6.48
Table 11 shows the simple correlation coefficients
between each variable and all other variables. The
independent variables used in the final multiple linear
regression analysis to obtain the separate prediction
equations for Y^ and Y are listed in Table 12. The coeffi-
cients of the variables used in these multiple regression
equations appear in Table 13.
Accidents per 100 Million Vehicle Miles (Y,
)
The prediction equation using the final independent
variables for the determination of Y, , the number of
accidents par 100 million vehicle miles on the thirty-five
lowest volume sections, is the following:
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Table 10 Variable Means and Standard Deviations for the


























































SIMPLE CORRELATION COEFFICIENTS BETWEEN
EACH VARIABLE AND ALL OTHER VARIABLES
FOR THE THIRTY-FIVE LOW VOLUME SECTIONS
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Table 12 Independent Variables Used in the Final Multiple
Linear Regression Analysis for the Thirty-Five Low
Volume Sections.
Number Variable Description
1 Volume on the arterial section (ADT) in thousands
of vehicles
8 Heavy and Medium Volume Commercial Driveways /mile
9 Light Volume Commercial and Residential
Dr iveways/m i le
11 Street width - feet
15 Quality of Street Markings
16 Parking allowed on one side only
17 Parking allowed on two sides
18 Intersect ional Street Lighting only
19 Continuous Street Lighting
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Y, = 924.951 + 7.035X^ - 31.e52X., - 20e.687X, ^ ^ 713.199X,-
1 3 li 15 16
+ 544.930X^^ - 103.524X^^ - 357.450X^g + 68.652X2,
+ 36.500X
The multiple correlation coefficient, R, eqiaals 0.?;24;
and the coefficient of deterrr.ination, R , eq-jals G.68 or
approximately 68 percent of the variability in the accident
rate Yt is explained by the above regression equation. The
variable that was r.ost significant in the regression
analysis is whether curb parking was allowed only on one
side of the street or no parking was permitted (X,c). The
other variables used in this equation are the number of
heav^' and medium volume ccsnmercial driveways per mile (Xp),
the street width (X, ^ ) , the quality of the street markings
(X^c), whether curb parking was allowed on both sides
(X
_), whether only intersectional street lighting existed
(X p), whether continucrjs street lighting existed (X,^),
the nun-iber of 4-way intersections per rr^ile (X^, ) , and the
number of 3-way intersections per rrile (X^-). These
independent variables had the following simple correlation




















A simplified regression equation for predicting the
number of accidents/100 million vehicle miles for these
particular lo'^ volume sections is the followincr:
Y^ = 791.602 - 183.906X, ^ + 406.724X,
^
1 iD 16
The multiple correlation coefficient, R, equals 0.538y
2
and the coefficient of determination, R
,
is 0.29, or 29
percent of the variability in the dependent variable Y
is s>qplained by these two variables, the quality of the
street markings (X
-), and whether parking was prohibited
or allowed on one side (X,,). In this particular case,
the results of applying the F-test to determine a simplified
equation for the original regression equation led to a
2large reduction in R or, in other words, the simplified
equation is not adequate in comparison to the initial
equation.
Accidents per Mile (Y_)
The prediction equation utilizing the independent
variables used in the final analysis for the determination
of Y_, of accidents par mile on these low volume two-lane
facilities, is as follows:
68
Y^ = 7.381 + 1.030X^ + 0.309Xj^ + O.lOVXg - 0.545X^^
- 1.276X^ + 12.731X^g + 8,680X^^ - I.II5X2Q
+ 0.498X2^
The multiple correlation coefficient, R, is equal to
2
0.845; and the coefficient of determination, R , equals
0.71. This means that 71 percent of the variability in
the dependent variable (Y ) is explained by the variables
used in the regression equation. The variable that was
most s ^-jTiJ f icant in this regression analysis is whether
parking was allowed on one side only (X,-). The other
variables used in this equation are the volume (ADT) on
the arterial (X ) , t>ie number of heavy and medium volume
commercial driveways per mile (Xg), the number of light volume
ccxumercial and residential driveways per mile (Xg), the
street width (X ) , the quality of the street markings (X^),
whether parking was allowed on both sides (X^), the quality
of the street lighting (X2q), and the number of 4-way
intersections per mile. These independent variables had
the following simple correlation coefficients with the
dependent variable Y-,: ^ .












A simplified equation for predicting the number of
accidents per mile for these low volume sections is the
following:
Y^ = 3.789 + 0.252Xg + 10.032X^
The multiple correlation coefficient, R, equals 0.723;
2
and the coefficient of determination, R , is 0.52. This
means that this simplified equation explains approximately
52 percent of variability in the dependent variable (Y2).
The two independent variables in this equation are the
number of heavy and medium volume commercial driveways







Phase III - Thirty-two High Volume Sections
The variables listed in Table 3 also represent the
independent variables which were considered in the analysis
for predicting the two accident rates, Y. and Y_, for the
thirty-two high volume sections in Indianapolis, Indiana.
The volumd range is from an ADT of 7,000 to an ADT of 32,000,
with the greater portion of the sections having ADTs over
15,000. The means and standard deviations for each of the
Independent variables are shown in Table 14. The means and
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Table 14 Variable Means and Standard Deviations for the
























































standard deviations for the dependent variables in this
phase are the following;
Dependent Variable Mean Standard Deviation
^1 756.219 461.51
^2 47.834 26.85
Table 15 shows the simple correlation coefficients
between each variable and all other variables. The
independent variables used in the final multiple linear
regression analysis to obtain the separate prediction
equations for Y^ and Y^ are listed in Table 16. The
coefficients of the variables used in these multiple
regression equations are shown in Table 17.
Accidents/100 Million Vehicle Miles
The prediction equation utilizing the independent
variables used in the final analysis for the determination
of Y^, the number of accidents per 100 million vehicle miles
on the thirty-two high volume sections in Indianapolis, is
the following:
Y^
= 728.943 + 167. 458X5 * 1.585Xg - 4.66OX3 - 15.239X^^
+ 988.036Xj^g + 310.398X^^
The multiple correlation coefficient, R, is equal to
0.852; and the coefficient of determination, R^, equals
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Table 16 Independent Variables Used in the Final Multiple
Linear Regression Analysis for the Thirty-Two
High Voluine Sections in Indianapolis.
Number Variable Description
3 Heavy Volume Intersections/mile
5 Traffic Signals/mile
6 Driveways/mile
8 Heavy and Medium Volume Coiranercial Driveways/mile




15 Quality of Street Markings
16 Parking Allowed on One Side Only
17 Parking Allowed on Two Sides
20 Quality of Street Lighting
21 4-way Intersections/mile
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Table 17 Coefficients for Multiple Linear Regression








































0.830 0.862 0.790 0.888
0.G9 0.74 0.62 0.79
*Simpllfied prediction equation
Underlined coefficients are the most significant variables
in the regression analysis.
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variability in the accident rate Y^ is explained by this
regression equation. The variable that was most significant
in the regression analysis- was the number of traffic
signals per mile (X^). The other variables in the equation
are the number of driveways per mile (X,), the number of
light volume commercial and residential driveways per mile
(Xq), the street width (X,-,), whether parking was allowed
on one side only (X^^), and whether parking was allowed on
both sides (X _). These independent variables had the
following simple correlation coefficients with the dependent
variable Y, :











A simplified regression equation for predicting the
number of accidents/100 million vehicle miles for these
thirty-two high volume sections is as follows:
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Y^
= 553.163 + 219.889X^ - 11.416X + 768.135X^g
The multiple correlation coefficient, R, equals 0.830;
9
and the coefficient of determination, R", is 0.69. This
is to say that approximately 69 percent of the variability
in the dependent variable Y, is explained by these three
variables; the number of traffic signals par mile (X-), the
street width (X , ) , and whether parking was allowed on only
one side (X,,.).lb
Accidents per Mile (Y_)
The prediction equation utilizing the independent
variables used in the final analysis for the determination
of Y_, the number of accidents per mile on the thirty-two
high volume sections in Indianapolis, is as follows:
Y = -17.060 + 7.988X^ + 0.827Xg - 0.332X^q - 0.555X^^
+ 15.864X^5 + 17.690X2Q + 3.858X2^
The multiple correlation coefficient, R, is O.SBS*
2
and the coefficient of determination, R , equal 0.79,
or approximately 79 percent of the variability in the
dependent variable (Y^) is explained by this regression
equation. The variable that was most significant in this
analysis is the number of heavy volume intersections per
mile (X-). The other independent variables in the equation
are the number of heavy and medium volume commercial
driveways per mile (Xg), the number of friction points
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per mile (X
_) , the street width (X , ) , the quality of
the street markings (X j.), the quality of the street
lighting (X ^), and the number of 4-way intersections per
mile (X , ) . These independent variables had the following
simple correlation coefficients with the dependent variable








A simplified equation for predicting the number of
accidents per mile for these thirty-two high volume sections
is as follows:
Y = 1.630 + 7.222X2 + 4.510X^
The rrultiple correlation coefficient, R, is 0.790;
2
and the coefficient of determination, R , equals 0.62.
This means that approximately 62 percent of the variability
in the dependent variable (Y ) is explained by the
simplified regression equation. The independent variables
in this equation are the number of heavy volume intersections
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per mile (X ) and the number of feur-way intersections per
mile (X--,). In this particular case, it seems very
advantageous to use the simplified equation because it gives
adequate results with easily collected data.
Phase IV - Two Lane Sections
The variables listed in Table 3 also represent the
independent variables which were considered in the analysis
for predicting the two accident rates, Y, and Y_ , for the
sixty-eight two lane facilities used in this study. The
volume range was from an ADT of 1,200 to one of 20,300,
but the majority of the sections had an ADT of less than
9,000. The means and standard deviations for each of the
independent variables are shown in Table 18. The means and
standard deviations for the dependent variables in this
phase are the following:
Dependent Variables Mean Standard De^iriation
Y 750.574 430.847
Y 18.309 17.093
Table 19 shows the simple correlation coefficients
between each variable and all other variables. The indepen-
dent variables used in the final multiple linear regression
analysis to obtain the separate prediction equations for
Y and Y are listed in Table 20. The coefficients of the
variables used in these multiple regression equations
are shown in Table 21.
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Table 18 Variable Means ani Standard Deviations for the
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Table 20 Independent Variables Used in the Final
Multiple Linear Regression Analysis for
the Sixty-Eight Two Lane Sections
Number Variable Description
1 Volume or ADT on the arterial in thousands of
vehicles
3 Heavy Volume Intersections per Mile
5 Traffic Signals per Mile
9 Medium and Heavy Volume Commercial Driveways
per Mile
10 Friction Points per Mile
15 Quality of Street Markings
16 Parking allowed on one side only
17 Parking allowed on two sides
19 Continuous Street Lighting
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Table 21 Coefficients for Multiple Linear Regression





















121.628 358.452 0.894 -11.804
-1.754 - 1.917**
73.626 64.800 2.334
114.371 100.807** 5.990 4.737**







0.719 0.753 0.790 0.860
0.52 0.57 0.62 0.74
Simplified prediction equation
**Underlined coefficients are the most significant variables
in the regression analysis
8"^
Accidents/100 Million Vehicle Miles
The prediction equation utilizing the independent
variables used in the final analysis for the determination
of Y^ , the number of accidents per 100 million vehicle
miles on sixty-eight two lane sections, is the following:
Y, = 358.452 + 64.800X^ + lOO.BOTX^ - 8.549X^ + 7.614X,-
i Joy 10
- 112.370X,^ + 336.742X,, + 201.a78X,_ - 239.700X^„
Id lb 1/ ly
The multiple correlation coefficient, R, equals 0.753;
2
and the coefficient of determination, R , is 0.57, or
approxLmately 57 percent of the variability in the accident
rate Y is explained by the regression equation. The
variable that was most significant in the regression analysis
was the number of traffic signals per mile (Xc). The other
variables in the equation are the number of heavy volume
intersections per mile (X-), the number of light volume
cornmercial and residential driveways per mile (Xg), the
number of friction points per mile {X,^), the quality of
street markings (X^c), whether parking was allowed on cne
side only (X._), whether parking was allowed on both sides
(X _), and whether tl^ere was continuous street lighting
c
(X,-.). These independent variables had the following
ly
simple correlation coefficients with the dependent variable
Y •1*
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A simplified equation for predicting the number of
accidents per 100 million vehicle niles for these sixty-
eight two lane sections is as follows:
Y^ = 121.628 + 73.626X2 + 114.371X^ - 9.093Xg + 10.162X
+ 221.229X,^ - 195.904X-„
The multiple correlation coefficient, R, is 0.719; and
2the coefficient of determination, R', equals 0.52. In
other words, approximately 52 percent of the variability
in the dependent variable, Y
,
is explained by this regres-
sion equation. Only two independent variables, whether
parking was allowed on two sides (X,^), and the quality of
the street markings (X ^), were deleted from the initial
equation to form the simplified equation.
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Accidents per Mile (Y )
The prediction equation utilizing the independent
variables used in the final analysis for the determination
of Y the number of accidents per mile for the sixty-eight
two lane facilities in this study, is as follows:
Y = -11.804 + 1.917X^ + 2.334X2 + 4.737X5 - 0.249Xg
+ 0.246X^Q
The multiple correlation cosf f icient , R, is equal to
2
0.850; and the coefficient of determination, R , is 0.74.
This means the 74 percent of the variability in the
dependent variable Y is explained by this regression
equation. The variables that were most significant in this
analysis are the volume on the arterial (X^ ) , and the number
of traffic signals per mile (X ) . The other independent
variables in the equation are the number of heavy volume
intersections per mile (X,), the nuir.ber of light volume
commercial and residential driveways per mile (X^), and
the number of friction points per m.i le (X^^). These
variables had the following simple correlation coefficients














A simplified equation for predicting the number of
accidents per mile for these sixty-eight two lane sections
is as follows:
Y_ = 0.84 + 1.754X, + 5.990Xc
I lb
The multiple correlation coefficient, R, equal 0.790;
2
and the co-sfficient of determination, R , equals 0.62,
or approximately 62 percent of the variability in the
dependent variable (Y_) is explained by the simplified
equation. The independent variables in this modified
equation are the volume on the arterial (X ) and the number
of traffic signals per mile (X^. ) . This simplified
equation adequately predicts the accident rate for these
two lane sections.
Phase V - 32 Sections Four Lane or One-way Streets
Attempts were made to analyze the thirty-two sections
in this study that were not two lane facilities. Included
in these thirty-two sections were twenty-one four- lane
undivided streets, four four-lane divided streets, and
seven one-way streets. It was found that too much variance
existed between these sections to analyze them as a group.
And yet, they could not be analyzed separately because the
Iridividual sample sizes were too small. Therefore, it
was impossible to determine by regression analysis the




As an additional method of analysis sections with
approximately the same volume but with divergent accident
rates were compared in a case study approach in order to
determine any differences in characteristics which might
help to explain the variability in the accident rates.
In line with this technique, pairs of sections with
relatively the same accident rates were analyzed to see
what similarities these sections possessed.
Case Study No. 1
This was a comparison between study sections 1 and 2,
Section 1 was Cherry Lane in West Lafayette, Indiana, and
section 2 was State Route 18 through Galveston, Indiana.
Both of these sections were two-lane facilities carrying















This particular comparison appears to indicate that













increase and/or the roadside development becomes more
intense. It should be noted, however, that these sections
were in the very low volume range and that a previous study
by Head gave a strong indication that accident rates on
low volume roads did net have a strong relationship with
any roadside feature, (11)
Case Study No. 2
This was a comparison between study sections 20 and 22.
Section 20 was State Route 18, Columbia Street, through
Flora, Indiana; and Section 22 was U.S. 135, Washington
St., in Waynetown, Indiana. Both sections were two lane

















Those two sections had approximately the same accident
rates and both were extensions of state highways in small













2 sides 1 side
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had parking on both sides and more residential driveways.
The fact that the accident rates did not differ significantly
even though the parking conditions were dissimilar might
be an indication that parking on one or two sides has
similar affects on the accident potential for low volume
arter ials
.
Case Study No. 3
This was a comparison between study sections 40 and 43.
Section 40 was located on Main Street in Delphi, Indiana
»































Both sections were two lane facilities with approximately
the same volumes. The data clearly showed that these two
sections differed greatly in the type of development
along them and in the number and type of intersections.
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The high accident rate section had more coimiercial develop-
ment and more intersections, especially four-way intersec-
tions. Parking was allowed on section 40 while the opposite
was true on the low accident section. The over-all effect
of more friction points, creating a higher accident potential
on the one section, together with parking on both sides
appears to be the reasons for the divergence in the accident
rates.
Case Study No. 4
TViis was a comparison between study sections 45 and 47.
Section 46 was on South East Street in Indianapolis, Indiana?
and section 47 was the East approach of U.S. 24 into
Logansport, Indiana.
Section





























Both sections were two-lane facilities, carrying
roughly 7000 vehicles per day. Section 47 was the safer
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of the two sections even though it had more friction
points per mile. This was Justified by the fact that the
majority of the friction points on section 47 were driveways
while section 46 had over three times as many intersections
per mile and some traffic signal installations. Also,
parking was permitted on both sides of section 46 while it
was prohibited on the other. All of these factors on
section 46 led to more congestion and a decrease in the
freedom of flow, which are characteristics of traffic flow
usually associated with accidents.
Case Study No. 5
This was a comparison between study sections 64 and 66.































By looking at the data it seems obvious why these two
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sections had low accident rates. Both sections were located
in primarily residential development with no parking allowed?
both had an above average number of intersections per mile,
but over seventy-five percent of those intersections had
relatively light cross traffic and were three-way intersec-
tions; and both sections did not contain a traffic signal.
It is concluded that this conbination of factors
provides for one of the "safest" urban arterials. It
reduces stop-and-go maneuvers, turning and parking movements,
and cross traffic which are factors that increase the
accident potential of an urban arterial.
Case Study No. 6
This was a comparison between study sections 67 and 69.
Section 67 was a segment of 4th street in Lafayette, Indiana?
and section 69 was on 30th street in Indianapolis, Indiana.





























2 sides 2 sides
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The only major f3ifferences between these two sections
were in the t-^^e of roadside development and in the number
of traffic signals per mile. Both sections had a thirty-
six foot pavement with parking on both sides and both had
approximately the same number of intersections per m.ile.
It did not seem feasible that the slightly higher volume on
section 69, 12,300 as compared to 11,400, would result in an
accident rate tl.at was three tim^es higher. The final
conclusion was that accident rates were higher where primarily
commercial development existed, as opposed to residential
development, and wliere there were more traffic signals per
mile
.
Case Study No. 7
This was a comparison between study sections 7 2 and 76.
Section 72 was a portion of Markland Street in Kokomo,
Indiana; and section 75 was located on Washington Street also
in Kokomo. Both of these sections were four-lane facilities


































These two sections had very high accident rates and
were very similar in many ways. Both were primarily in
comrTiercial areas, with many intersections and traffic
signals par mile. Although section 72 has less commercial
driveways, this was compensated by the fact that several
heavy traffic generators, such as four drive-in restaurants^
were located on this 1.2 mile section. Section 72 was also
six feet narrower than section 76 which resulted in less
maneuverability to the motorists trying to get around a
waiting left-turning vehicle. Thss2 two sections seem to
have all characteristics except parking which were found
to be associated with accidents.
Case Study No. 8
This was a comparison l^etween study sections 76 and
78. Section 76 was on Washington Street in Kokomo,

































to total driveways 85 3
Both of these sections were four lane facilities,
carrying approximately 15,000 vehicles per day, and both
were highly developed. The main differences between these
two sections were the mxnber of four «^ay intersections per
mile, the number of traffic signals per mile, and tVie type
of roadside development. Section 76 had a higher number
of four-way intersections per mile plus more traffic
signals per mile to go along with many high volume commercial
access points. Section 78 was primarily in a residential
area with very few high volume friction points. For this
particular case it seem.s evident that accident rates
increased as the number of commercial driveways per mile
increased, the number of four-way intersections per mile
increased, and the number of traffic signals per mile
increased.
100
Case Study No. 9
This was a coiiparison between study sections 77 and 83.
Section 77 was a segment of the U.S. 52 By-pass in Lafayette,
Indiana r section 83 was located on Massachusetts Avenue in
Indianapolis, Indiana. Both sections were two lane































These sections had low accident rates in comparison
with other sections. This fact was attributed to the lack
of development along toth of these sections. Section 77
had only two intersections per mile, seven driveways per
mile, and an insignificant total of eleven frictions points
par mile. Section 83 had a higher ADT, > ut a lower
accident rate even though this section had more intersections
per mile and m.ore driveways per mile. It was noted that
these intersections were all three-way intersections and
the commercial driveways served very light traffic
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generators. The freedom of flow on section 83 was further
enhanced by the presence of a railroad which paralleled the
route on one side and served as an access control. This
case study further demonstrates the effect of access
control as a safety device.
Case Study No. 10
This was a comparison between study sections 84 and 87,
where both were four-lane divided facilities. Section 84
was the south half of the U.S. 31 By-pass around Kokomo,
Indiana; and section 87 was located on Kentucky Avenue,

















Both of these sections were four-lane divided highways.
From the variables it wojld appear that these two sections
should have had about the same accident rate, but section












One possible reason for this significant variance
in acci'^ent rates might be the difference in roadside
development between the sections. Section 87 had a railroad
running parallel to it on one side for the entire length
of the section. This caused all the development to be on
one side, resulting in the absence of conflicting across-
the-road access points. On section 84 there were also
several large industries which caused major rush-hour
congestion and many short distance trips and turning move-
ments on the route. On the other hand, section 87 was
a diagonal arterial leading from the southwest section of
Indianapolis to the downtown circle. It appeared that
most of this traffic made ver^' few tvirning movements within
the section.
Another possible reason for the higher accident
rate on section 84 might be the higher percentage of through
traffic using this facility.
Case Study No. 11
This was a comparison between study sections 92 and
93. Section 92 was established on East Washington Street
in Iniianapolis , Indiana: ani section 93 was located on
West Washington Street also in Indianapolis. Both sections
were four lane undivided facilities, which carried

































These two sections made an interesting comparison.
Section 93 on West Washington Street had about two and
one-half times as many commercial driveways which had been
shown to result in a higher accident rate. However, the
situation was altered because of at least twenty to twenty-
five foot gravel shoulders along section 93. This extra
wide shoulder permitted the driver to park diagonally in
front of a commercial establishment and yet not interfere
with traffic in the moving lanes when he was parking or
leaving. It is felt that this did not constitute an
actual parking movement since the driver had so much space
to maneuver. On the other han5 , curb parking was permitted
on section 92. These shoulders also gave the driver very
good sight distance and a feeling of freedom which was
noticeably missing on section 92.
Another important factor which could have caused
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a lower accident rate on section 93 was the t-\rp9 of
intersections. Both sections had relatively the same
number of int,ersectbns , but those intersections on section
93 were mostly three-way intersections carrying very light
volumes
.
Section 92, had double the number of traffic signals
per mile. From previous case studies and other analysis
performed in this research, this factor also seems to be
significant.
Case Study No. 12
This was a comparison between study sections 46 and 34.
Section 4G was located on South East Street in Indianapolis,
Indiana; and section 84 was a segment of the U.S. 31
by-pass around Kokomo, Indiana. Both sections had the
same number of accidents per mile but the volume on section






























There appears to be many reasons why the number of
accidents per mile were the same for these two sections,
even though they carried different volumes. Section 46
had the lower volume, but it had more intersections per
mile, more traffic signals per mile, and parking allowed
on both sides. Also, section 46 was a two lane facility
while section 34 was a four-lane divided route.
Case Study No. 13
This was a comparison between study sections 17 and 83.
Section 17 was Division Street, U.S. 24, through Remington,
Indiana: and section 83 was a portion of Massachusetts
Avenue in Indianapolis, Indiana. Both sections were two-
lane facilities with parking prohibited on both sides.
Section












From the variance in volumes it does not seem possible
that these sections had the same num.ber of accidents per
mile. TItIs phenomenon was attributed to the fact that













intersections per mile, more driveways per mile, and more
total friction points per mile. It was also noted that the
friction points that were located on section 83 served
very light traffic generators.
Case Study No. 14
This was a comparison between study section 91 and
94. Section 91 was on North Meridian Street in Indianapolis,

















P a r R ing
Street width
Even though parking was allowed on section 91, the
accident rates for these two sections were similar. The
effect of parking on the accident rate was minimized on
section 91 because of the wide pavement width which offered
the driver added freedom. Except for the parking control,
















was reflected in their similar accident rates, which were
average rates in this study.
Case Study No. 15
This was a coirparison between study sections 36 and 38,
Section 36 was on State Route 32 East in Lebanon, Indiana;
atii section 38 was located on Sycamore Street in Kokomo,
Indiana. Both sections were two-lane facilities, with
parking on one side only; and both possessed high accident



























Section 38 had more intersections per mile and more
driveways per mile, but most of the driveways were residential
driveways. On the other hand, section 36 had more highly
used commercial driveways per mile which compensated the
extra intersections on section 38. Both sections had high




The following conclusions concerning traffic accidents
on the urban arterial street systern in Indiana summarize
the findings of this research.
1. VTnere one or more of the following conditions occur,
traffic accidents per mile on urban arterials will
most likely decrease:
a. Parking is eliminated,
b. The number of traffic signals per mile is reduced,
c. The number of high volume intersections per
mile is redxaced,
d. Traffic volume is reduced,
e. The niimber of heavily used driveways is reduced,
f. The number of friction points per mile - sura
of the number of approaches to the arterial,
intersections and driveways - is reduced,
g. The quality of signing and pavement markings -
is improved.
2. Traffic accidents per 100 million vehicle miles,
as an exposure rate, also will most likelv decrease
as above for traffic accidents per mile . However,
traffic volume Is not an important factor.
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3. This research substantiates the importance of control
of access as an accident reduction tool. The dual
purpose of many urban arterials to move traffic
and to serve an access function for abutting property-
makes control of access impractical for many of
this type facility. However, every effort to
minimize the number of access points or friction
points on such facilities should be attempted.
4. Intersections or major driveways are the usual
sites of most accidents on urban arterials. Those
intersections with four approaches typically are
the sites of many more accidents than intersections
with three approaches.
5. Multiple linear regression equations were developed
to predict accidents per mile and accidents per
100 million vehicle miles for two lane urban arterials,
Separate models were also developed for high volume
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APPENDTX A - Tm^Km-nRY FnPM.q
IDENTIFICATION
I. CITY 2. POPULATION.
3. COUNTY
4. SECTION OR ROUTE NUMBER
5. SECTION LENGTH FEET
6 SECTION FROM TO.
EXISTING STREET AND TRAFFIC DATA
7. VOLUME ADT{!964)
8. POSTED SPEED LIMIT MILES PER HOUR
9. NUMBER OF INTERSECTIONS
3 WAY 4WAY 5WAY(0R MORE).









ONE SIDE BOTH SIDES NONE.
15. SIDEWALKS:
ONE SIDE BOTH SIDES NONE.
16. PARKING:
ONE SIDE BOTH SIDES NONE
PARALLEI DIAGONAI
CONDITIONAI
17. WIDTH OF STREET FEET
TOTAL NUMBER OF MOVING LANES
NUMBER OF MOVING LANES EACH WAY
18. STREET LIGHTS
NONE INTERSECTI ONAI CONTIN UOUS.
19. NUMBER OF TRAFFIC SIGNALS
FIXED TIME PROGRESSIVE
TRAFFIC flrTiiATFn PEDESTRIAN ACTUATED.
20.ST0P SIGNS DIRECTED TO ARTERIAL TRAFFIC
(NUMBER OF APPROACHES)
3 WAY 4 WAY 5 WAY
FIGURE 8- INVENTORY FORM - PAGE I
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21. STREET OPERATION . ONE WAY TWO WAY_
22.TYPE OF ACCESS CONTROL: NONE PARTIAL
23.TURNING LANES LEFT TURN • YES NO
RIGHT TURN : YES NO
24. COMPOSITION OF TRAFFIC: %T=





27. INFLUENCING CROWN^ YES NO—
28. TYPE OF SURFACE
29. CHANNELIZATION AT I NT ERSECTIONS: YE S NO.
30.MISCELLANE0US REMARKS:

















NONE POOR FAIR GOOD
FILAMENT
OTHERS
FIGURE 10- INVENTORY FORM - PAGE 3
APPENDIX B
CHARACTERISTICS OF THE 100 SECTIONS
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APPENDIX B
CHARACTERISTICS OF THE 100 SECTIONS
Table 22 Variable Listed in Appendix B
CODE VARIABLE
A - - - Volume (1000)
B - - - Accidents/Mile
C - - - Accidents/100 Million Vehicle Miles
D - - - Intersections/^ile
E - - - Three-way Intersections/Mile
F - - - Four-way Intersections/Mile
G - - - Heavy Volume Intersections/Mile
H - - - Driveways/Mile
I - - - Residential Driveways/Mile
J - - - Commercial Driveways/^lile
K - - - Traffic SignalsAlile
L - - - Friction Points/Mile
M - - - Number of Sides Parking Allowed
N - - - Street Width
O - - - Quality of Signing (P = poor, A = average,
G = good)
P - - - Quality of Street Markings (P = poor,
A = average, G = good)
Q - - - Quality of Street Lighting (P = poor,
A - average, G = good)
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Table 25 Characteristics of the Four Four-Lane Divided
Sections
SECTIONS
CODE 58 34 ' 87 100
A 9.6 19.3 20.0 32.0
B 7 35 2 78
C 213 501 29 665
D 4 4 6 12
E 2 2 3 2
F 2 2 3 10
G 2 1 6
H 4 19 17 42
I 2 9 14
J 2 10 17 28
K 1 1 5
L 9 24 26 70
M 2
N 48 43 54 80
O P A G G
P A P G G
Q P P P G
127
Table 25 Characteristics of tlie Seven One-Way Street
Sections
SECTIONS
CODE 50 56 75 32 85 86 90
A 7.4 9.0 14.0 17.5 20.0 20.0 21.0
B 22 29 46 61 63 55 46
C 829 877 893 963 862 750 599
D 14 14 13 17 11 19 15
E 2 1 4 6 12 4
F 12 14 12 13 5 7 11
G 1 1 3 3 3 4 3
H 35 29 32 27 79 26 34
I 10 21 21 11 43 8 9
J 25 S 11 16 36 18 25
K 4 3 4 5 4
L 67 62 51 47 98 59 71
M 2 2 2 2 2 2 2
N 33 50 40 34 54 48 45
A G G G G A G
P A G G G G G G
Q G G A A A A A


